in southern China (http://mt.sohu.com/20160210 /n437184257.shtml; last accessed 19 March 2017).
Cold extremes have been gaining wide attention in many parts of midlatitude Eurasia and North America in recent years (e.g., Mori et al. 2014; Trenary et al. 2016; McCusker et al. 2016) . It is controversial whether they are related to Arctic warming. Some studies suggested that greenhouse-gas-induced global and Arctic warming may enhance the meandering of the jet stream thus increasing the probability of cold extremes in certain regions (Francis and Vavrus 2015) , and that the Arctic warming in the Barents-Kara Seas is closely connected to the cooling in eastern Asia (Kug et al. 2015) and robust Arctic sea-ice influence on recent increases in Eurasian cold winters (Mori et al. 2014) . However, other studies have suggested that the Arctic warming does not cause midlatitude cooling (e.g., McCusker et al. 2016; Sun et al. 2016) .
Given the impact of this cold event in China and the controversy whether Asian midlatitude cold surges are becoming more likely as a consequence of Arctic warming, it is compelling to investigate how much anthropogenic forcing agents have affected the probability of cold events with an intensity equal to or larger than the January 2016 extreme event. We use the Met Office Hadley Centre system for attribution of extreme weather and climate events (ACE; Christidis et al. 2013; Burke and Stott 2017) and station observations to investigate the effect of anthropogenic forcings on the likelihood of such a cold event.
Data. We used observational data for T min from 744 national Reference Climatic and Basic Meteorological Stations from the China National Meteorological Information Centre for the period 1960 . From 1960 to 2013 , the updated temperature dataset developed by Li et al. (2015) is used. This dataset was homogenized using the Multiple Analysis of Series for Homogenization (MASH) method (Szentimrey 1999) and was improved in terms of physical consistency among diurnal temperature records (Li et al. 2015) , such that the temperature observations were qualitycontrolled and adjusted for most nonclimatic biases due to the changes in the local observing system, such as station relocation. After 2013, it is updated directly from those stations that have continuous records to January 2016.
We used simulations of the Hadley Centre Global Environmental Model version 3 Global Atmosphere 6.0 (HadGEM3-GA6; Walters et al. 2017 ) at N216 One of these ensembles (histALL) uses historical anthropogenic and natural forcings and is an extension of the previous 15-member histClim runs. The other ensemble (histNAT) uses natural forcings only and is a continuation of a historical natural ensemble of 15 members, complementary to the histClim runs. Beyond the initial conditions of this continuation, the only difference between each of the 525 members in these experiments is the stochastic physics seed, and they are therefore considered equivalent. The boundary conditions for the histNAT experiments (see online supplement) are the same as in previous experiments using an earlier version of Met Office attribution system (Christidis et al. 2013) .
Methods. For each station, the observed daily T min anomaly relative to 1961-90 was calculated, from which the pentad-mean T min anomaly for 21-25 January (PT min ) of each year was computed. These PT min were gridded into 2° × 2° grid boxes for the region (20°-44°N, 100°-124°E) by simply averaging the available station data within a 2° × 2° grid box. This region was chosen because the PT min had a large negative anomaly in most stations of this region (Fig.  23.1a) . We also calculated the regional average winter (December-February, DJF) T min anomalies over the region.
To make observations and simulations comparable, the following steps were adopted: 1) For both histALL and histNAT ensembles, daily anomalies (relative to 1961-90 normal for histClim) were computed removing any constant model bias; 2) PT min for 2016 in histALL and histNAT runs were calculated and a land-sea mask applied; 3) These masked anomalies were regridded to the same 2° × 2° grid boxes as the observations using linear interpolation and masked by the observational gridded data; 4) Gridded observations were then masked by this simulated data; 5) The area-weighted average PT min of both the observations (Fig. 23.1c ) and the 525 histALL and histNAT runs were then computed.
To estimate the attributable risk (Stott et al. 2004 (Stott et al. , 2016 of such an extreme cold event in midwinter, area-weighted average T min anomalies of 9 nonoverlapping pentads from the coldest period in the climatology (1 January to 15 February) from the 525 histALL and histNAT runs were calculated and fitted to probability distribution functions (PDFs). Goodness-of-fit was tested for Gaussian and generalized extreme value (GEV) distributions. The GEV fit was found to be the most appropriate (Fig. ES23.1 ) and return periods of an event like the one in 2016 were estimated from this GEV fit. The shape, scale, and location parameters of the GEV fit for histALL (histNAT) runs are −0.28, 2.35, and −0.21 (−0.31, 2.25, and −1.39), respectively.
Results. Figure 23 .1a shows that during this extreme cold event, most stations in eastern China recorded negative PT min , with the largest negative anomalies below −4°C. The PT min broke the historical low temperature records for the same pentad at more than twenty stations, and many more recorded the second and third coldest pentad since 1960 (Fig. 23.1b) . The linear trend in the regional average PT min (RAPT min ; Fig. 23.1c ) is 0.078°C decade −1 with 95% confidence interval (−0.26, 0.45), which is not statistically significant. This trend slope and significance testing is based on the nonparametric Sen's slope and Mann-Kendall test taking into account the first-order autocorrelation estimated by an iterative method (Wang and Swail 2001; WS2001) . The 2016 RAPT min is the coldest 21-25 January in the record, which started 1960, beating the previous record in 1984 (Fig. 23.1c) . Figure 23 .1d shows that this cold event occurred in a background of the warmest winter T min since 1960, showing a warming trend of 0. 56 (−0.05, 1.0054) °C decade −1 estimated also by WS2001, and that El Niño tends to be associated with warm winters (four-outof-five El Niño years since 1982). Figure 23 .2a shows an overall mean shift toward warmer anomalies in histALL relative to histNAT indicating that human inf luences have reduced the risk of extreme cold events. To estimate the attributable risk ratio, we defined a threshold of −4°C based on the observed RAPT min for 2016. The probability (P0) of an event equal to or colder than this threshold in midwinter in histNAT is 6.8%, whereas in histALL (P1) it is only 2.3%. The risk ratio (P1/P0) is approximately 34%, which suggests that human influences have reduced the risk of such an extreme cold event by about 66%. We estimated the uncertainty of P1/P0 by resampling the PDF 1000 times (Pall et al. 2011) . Results show that P1/P0 lies between 31.1% and 37.8% (one standard deviation), suggesting that human influences reduced the probability of such a cold event by approximately two | thirds ( Fig. 23.2b) . The estimated return period of RAPT min like January 2016 is one-in-15 years with only natural forcings while it is extended to one-in-43 years with anthropogenic forcings (Fig. 23.2c ).
Conclusions and discussion. Cold winters in China are expected to become rarer in a warming climate. By employing high quality station observations and model simulations, we estimate that anthropogenic influences have reduced the occurrence probability of an extreme cold event with the intensity equal to or stronger than the record in 2016 by approximately two-thirds. Conversely, if there were no anthropogenic influences, the probability of an extreme cold pentad in 2016 would be more than double. The return period of such a record cold event is estimated to have been extended by about 28 years due to human influences. Our results are in line with McCusker et al. (2016) and Sun et al. (2016) and agree with Trenary et al. (2016) that despite severe cold surges and recordbreaking extreme cold-day occurrences during 2016, winters have become warmer. Our results also imply that even under human-induced warming, extreme cold events can still occur as a result of natural variability, such as Arctic Oscillation, which was believed to be responsible for the reporting event (Cheung et al. 2016) .
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